Introduction
Major advances in understanding data encoding and initial information processing in the olfactory system resulted in awarding the Nobel Prize for Physiology or Medicine to Linda Buck and Richard Axel (reviewed by Firestein, 2005) . Although each mammalian olfactory receptor neuron (ORN) is derived from a common cell lineage, each ORN expresses only one of the several hundred different odorant receptor genes (Buck & * To whom correspondence should be addressed. Axel, 1991; Buck, 2000) , suggesting an exquisitely regulated mechanism for single-cell-specific receptor gene expression. Following odorant detection and primary information encoding in the olfactory epithelium (OE), the second level of odorant information processing occurs within individual glomeruli in the olfactory bulb (OB), where high-frequency spike synchronization occurs between receptor-specific pairs of mitral/tufted 0300-4864 C 2006 Springer Science + Business Media, LLC RASH, DAVIDSON, KAMASAWA, YASUMURA, KAMASAWA ET AL. cell dendrites (Christie et al., 2005) . Mitral/tufted cellpair synchronization apparently involves direct positive feedback between glutamate receptors and closely associated Cx36-containing gap junctions at "mixed'' (electrical plus chemical) synapses (Christie et al., 2005) ; moreover, genetic deletion of the Cx36 gene results in loss of mitral/tufted cell synchrony. Independently, neuronal gap junctions in glomeruli were shown by thin-section transmission electron microscopy (TEM) to occur almost exclusively between the dendrites of mitral/tufted cell pairs and between mitral/tufted cells and other intrinsic neurons of the OB, but none were detected between central processes of ORNs and mitral/tufted cells or between ORN terminals and periglomerular neurons in the OB (Kosaka & Kosaka, 2003 , 2004 , 2005 .
In the OE, mRNAs for Cx36, Cx43 and Cx45 were detected in ORN somata, and Cx36 and Cx43 protein immunoreactivities were reported to be abundant in most of their somata and axons (Zhang et al., 2000; Zhang & Restrepo, 2002 , 2003 . Thus, Zhang and coworkers concluded that gap junctions containing these connexins were relatively abundant in most ORNs over major areas of the OE. However, numerous freeze-fracture studies did not detect gap junctions between ORNs or between their unmyelinated axons (Menco, 1980b; Miragall et al., 1996b; Blinder et al., 2003) . These conflicting data have led to confusion regarding possible involvement of Cx36, Cx43 and/or Cx45 in proposed ORN/ORN gap junctions in olfactory signaling (Zufall, 2005; Copelli et al., 2005) . The presence of Cx36 protein in ORNs would be consistent with widespread distribution of Cx36 in ultrastructurally-defined neuronal gap junctions elsewhere in the CNS (Rash et al., 2001) . Likewise, Cx45 is reported to be a neuronal connexin based on detection of reporter gene proteins activated by the Cx45 promoter in retinal neurons (Maxeiner et al., 2003 (Maxeiner et al., , 2005 . Moreover, Cx45 protein was detected in ultrastructurally-identified gap junctions within the inner plexiform layer of the retina (Kamasawa et al., 2004; Li et al., unpublished observations) . In contrast, freeze-fracture replica immunogold labeling (FRIL) has shown localization of Cx43 exclusively in CNS glial cells (Rash et al., 2001) . Thus, unambiguous detection of Cx43 in ultrastructurally-identified gap junctions in ORNs would represent a novel expression pattern, but one that might be plausible. Unlike CNS neurons, ORNs are neurons of the peripheral nervous system that are derived from dermal placodes (Schlosser, 2005) , which are subject to different tissue inductive factors, and therefore, might express unusual combinations of connexins.
We used confocal immunofluorescence microscopy and FRIL to visualize gap junctions and to identify their constituent connexin proteins in principal cells of the olfactory mucosa, olfactory nerve and external layers of the OB. As an aid to identifying cell types, we also labeled several replicas for aquaporin-4 (AQP4) and Nmethly-d-aspartate (NMDA) glutamate receptors (NM-DAR; as NMDAR1). These combined approaches indicated complete absence of Cx43 protein in ORN somata, axons and terminals; no Cx36, Cx45 or gap junctions between ORN somata; and minimal or no Cx36 or Cx45 in ORN axons or axon terminals. As one potential explanation for possible post-transcriptional repression of connexin protein synthesis in ORNs, we examined genomic data and identified "seed matching'' sequences for >25 micro interfering RNAs (miRNAs) in the 3 UTRs of each of the connexin mRNAs previously detected in ORNs.
In OB glomeruli, immunoreactivities for Cx36 protein and, less abundantly, for Cx45 are demonstrated in gap junctions on large dendrites, usually at identified glutamatergic "mixed'' (chemical plus electrical) synapses. These data for co-localization of Cx36 and glutamate receptors in glomeruli of OB support current models for high-frequency direct feedback and neuronal spike synchronization as an essential component in olfactory information coding.
